Conjugative hemolysin-bacteriocin plasmids were isolated from Streptococcus faecalis var. zymogenes strains of diverse geographical origins. Cloned DNA fragments containing the hemolysin-bacteriocin gene(s) from one of these plasmids (pAD1) hybridized to two EcoRI fragments of identical size from each of the five plasmids examined. Results of hybridization experiments in which total plasmid DNA was used suggested that the plasmids shared extensive homology. Two of the plasmids, pAD1 from strain DS16 (Ann Arbor, Mich.) and pAMyl from strain DS5 (Miami, Fla.), were 100% homologous and had identical EcoRI restriction patterns (eight fragments each). There was no detectable homology between the plasmid-mediated hemolysin determinants of S. faecalis and DNA from other beta-hemolytic streptococci (Lancefield groups A, B, F, or H).
Bacterial hemolysin production, recognized by the ability of a producer strain to cause zones of clearing on blood agar plates, is common among gram-positive and gram-negative species (4) . A number of exotoxins produced by pathogenic Clostridium, Staphylococcus, and Streptococcus spp. also exhibit hemolysin activity (27) .
Although hemolysis is not generally considered to be essential for pathogenesis, the hemolysin molecule may lyse other cells, such as leukocytes, resulting in lowered host resistance (27) . Recently, a cloned hemolysin determinant of Escherichia coli was shown to enhance virulence in an animal model (26) . Bacteriocin production has also been described in a wide range of gram-positive and gram-negative bacteria. These small polypeptide antibiotics are thought to provide the producer strain with a selective advantage over other related strains by killing them (4) . Bacteriocin zymogenes is unique among bacteriocin-and hemolysin-producing bacterial species in that both activities may be mediated by the same genetic determinant. In all cases studied thus far, the hemolysin-bacteriocin (Hly-Bcn) activity of S. faecalis strains has been shown to reside on a conjugative plasmid (1, 7) .
In this communication, we address the molecular relatedness of Hly-Bcn determinants associated with plasmids from clinical S. faecalis isolates of diverse geographical origin. Additional homologies among the plasmids were also examined. No homology was detected between the Hly-Bcn determinants of S. faecalis (group D) and DNA from other beta-hemolytic streptococcal species.
MATERIALS AND METHODS
The beta-hemolytic clinical isolates of S. faecalis var. zymogenes used in this study are described in Table 1 . The properties of other S. faecalis strains, used as sources of purified plasmid or total cell DNA, are listed in Table 2 . Culture conditions were as previously described (20) .
The cloning of Hly-Bcn-specific DNA from plasmid pAD1 in E. coli and the separation and isolation of cloned fragments from vector DNA will be described elsewhere (manuscript in preparation).
Plasmid isolation, purification of total cell DNA, restriction endonuclease digestion and agarose gel electrophoresis, DNA blotting and hybridization, and the preparation of 32P-labeled DNA probes were all carried out as previously described (20) . 
RESULTS
The regulation or expression of plasmid-mediated Hly-Bcn activity in S. faecalis strains may be altered by the insertion of antibiotic resistance transposons into specific regions of the plasmids (14, 15, 20) . Transpositional mutagenesis by the streptococcal transposons Tn9O6 (14, 22) and Tn9J7 (24) was used to locate the HlyBcn gene(s) on a restriction endonuclease map of plasmid pAD1 (7; Fig. 1 ). EcoRI fragment F of pAD1 and a BamHI-SalI fragment incorporating part of EcoRI fragments F and D and all of fragment H have been cloned into E. coli, with plasmid pACYC184 (6) used as the vector (manuscript in preparation). The cloned fragments were separated from vector DNA and used to prepare 32P-labeled probes for the hybridization experiments described below.
Eight plasmids were chosen for homology studies with the cloned Hly-Bcn-specific DNA from pAD1. They were all large (46 to 65 kilobases) conjugative plasmids. Five of the plasmids mediated Hly-Bcn activity (pAD1, pAMyl, pJH2, pPD5, and pOB1), two were Hly-but coded for the production of bacteriocin (pAM-y2 and pPD1), and one was negative with respect to Hly and Bcn activity (pAMy3). After isolation from the appropriate S. faecalis strains (see legend to Fig. 2 and Table 2 ), the plasmids were digested with restriction endonuclease EcoRI and the fragments separated by agarose gel electrophoresis (Fig. 2B) . DNA in the gel was blotted onto nitrocellulose paper which was then incubated with 32P-labeled EcoRI fragment F or the BamHI-SalI fragment from pAD1. Both probes hybridized to EcoRI fragments from each of the Hly-Bcn plasmids ( pAD1. In all cases, two of these homologous fragments appeared to be identical in size to EcoRI fragments F and H of pAD1. None of the homology exhibited by pPD5::Tn916 was due to the presence of the transposon, since the HlyBcn+ plasmid, pPD1::Tn9J6 (Fig. 2A, lane G [7] ). Also shown are the partial and complete EcoRI fragments included in the cloned BamHI-SaIl fragment described in the text.
ed to determine whether the homologies observed among the five Hly-Bcn plasmids extended beyond the Hly-Bcn gene(s). Five identical blots, containing the electrophoretically separated EcoRI fragments from each of the Hly-Bcn plasmids (Fig. 3B) were prepared. Each blot was incubated in a hybridization reaction with one of the five 32P-labeled Hly-Bcn plasmids. The results obtained with the total pAD1 DNA probe are shown in Fig. 3A . Eight fragments of identical size, from pAM-yl (Fig. 3A, lane A) and pAD1 (lane B), hybridized to the pAD1 probe. Two additional fragments in the EcoRI digest of pAM-yl that did not hybridize to pAD1 were shown in a separate experiment (data not shown) to have been cleavage products of the tetracycline resistance plasmid, pAMal, present in the same strain from which pAM-yl had been isolated (YA101; Table 2 ). In the reciprocal experiment, in which pAM-yl was used as a probe, all of the EcoRI fragments of pAD1 hybridized to pAM-yl. Thus, pADI, originally from strain DS16, and pAMyl, originally from strain DS5, appeared to be identical by both restriction analysis and DNA-DNA hybridization.
Plasmids pJH2 (Fig. 3A , lane C), pPD5: :Tn9J6 (lane D), and pOB1 (lane E) had EcoRI digestion patterns that were quite different from those of pAD1 and pAMyl. However, the pADI probe hybridized to all of the pJH2 fragments and to 5 of 9 and 8 of 15 EcoRI fragments from pPD5::TN916 and pOB1, respectively (Fig. 3A) . When these three plasmids were used as probes, pJH2 and pOB1 hybridized to all of the EcoRI fragments from pAD1 and pAMyl, whereas pPD5::Tn9J6 hybridized to all but the corresponding G fragments (data not shown). These results suggested that all five of the Hly-Bcn plasmids examined share considerable DNA sequence homology and were probably derived from a common ancestral origin.
Experiments were conducted to determine whether the plasmid-mediated Hly-Bcn determi- somal DNA, respectively, were included on the same gel. The separated DNA fragments were transferred to a nitrocellulose blot which was incubated with 32P-labeled pAD1 DNA in a hybridization reaction (Fig. 4A) . The assay was sensitive enough to detect all of the EcoRI fragments from as little as 15 ng (Fig. A, lane I Among all beta-hemolytic S. faecalis isolates examined to date, association of the Hly-Bcn trait with a plasmid has been the rule (1, 7) . Furthermore, a characteristic property of the Hly-Bcn plasmids is the ability to mediate their own transfer at a relatively high frequency (10-3 to 10-1 per donor cell) in broth culture. The particular conjugation system associated with four of the five Hly-Bcn plasmids studied makes use of sex pheromones produced by recipient cells to generate cell-to-cell contact (7) . Such a mechanism could explain the presence of identical plasmids, pAMyl (strain DS5) and pAD1 (strain DS16), in different S. faecalis isolates. In fact, all five of the S. faecalis Hly-Bcn plasmids examined were found to share considerable DNA homology. The dual Hly-Bcn activity appears to be unique among S. faecalis strains and has not been reported in other beta-hemolytic streptococcal species. It may be significant that the pheromone-enhanced conjugation system and the plasmids involved also appear to be confined to S. faecalis strains (7) .
The role, if any, of hemolysis in streptococcal infections has not been established, but the bacteriocin activity of the S. faecalis hemolysin is lethal to a wide variety of gram-positive bacteria (3) and may provide the host strain with a selective advantage. If a beta-hemolytic S. faecalis strain also had other selectively advantageous properties, such as multiple antibiotic resistance, one might expect wide dissemination of that strain. Two of the isolates included in this study, DS16 (Ann Arbor) and JH1 (London), share enough such atypical properties to suggest a recent common ancestral origin. First, their Hly-Bcn plasmids, pAD1 (strain DS16) and pJH2 (strain JH1), share at least 90% DNA homology with each other. Second, each strain contains a chromosome-borne tetracycline resistance transposon (20, 24) with at least some homology between them (20) . Finally, each strain harbors a multiple-antibiotic resistance plasmid, pAD2 (strain DS16) and pJH1 (strain JH1), mediating resistance to streptomycin, kanamycin, neomycin, and erythromycin (17, 25) . The erythromycin resistance determinant of pAD2 is on a transposon, Tn917 (24) , and that of pJH1 has been shown to transfer independently cline resistance determinant that has no homology with the chromosomal trait but belongs to the same homology group, tetL, as the tetracycline resistance plasmid, pAMal, of strain DS5 (5) . Furthermore, the erythromycin resistance determinants of pAMP1 (strain DS5) and Tn917 (strain DS16) have been placed in the same homology group, class A, by Ounissi and Courvalin (23) . As already mentioned, the HlyBcn plasmids, pAM-yl (strain DS5) and pAD1 (strain DS16), appear to be identical. Thus, three of the strains used in this study, DS5, DS16, and JH1, may have a common origin.
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